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Abstract 



PROBLEM TO BE SOLVED: To calculate the horizontal displacement, the yaw angle of a 
vehicle and the curvature of a road with only a small delay from an actual value while 
minimizing the unstable factors of the result of white line detection included in image 
processing. 

SOLUTION: A picked up image in the periphery of the vehicle is processed to calculate physical 
quantities expressing the relationship between the vehicle and the road, and on the basis of 
physical quantities except for the physical quantity being a smoothing object, the variation of the 
physical quantities of a smoothing object is predicted. Then, in accordance with the predictive 
variation rate of the physical quantities being the smoothing object, the frequency 
characteristics of a variable characteristic type digital filter are changed and the physical 
quantity being the smoothing object is smoothed by using the variable characteristic type digital 
filter. Thus, even when the result of the white line detection by image processing becomes 
unstable, the frequency characteristics of the variable characteristic type digital filter can be 
changed in real time in accordance with the traveling state of the vehicle. Then, stable physical 
quantities can be obtained by minimizing the unstable factors of the result of the white line 
detection included in image processing. 
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wm^ii-^mmimiz^thzt imwit-r^mmm 

I m^m 3 ] li^js 1 1 tzumim 2 izmstcommmm 
msmmmizni^x^ 

w^m^im^mzx oms-^n. t^i^mit^mizi 

o^m^\:Mm^t$ixh'mm&i,z{,i^ MmcowmtiLhtB 

[ms.-m4 J is^:^ 1 -3<^)v^-r*x*^w«t=iBao*w 
mm^^ikw.zi5\^x. 

m<r)^mi:^-r^mMLi.zm^\^x^mitnM^<ommm.(o 
mLm^^mth i b ^mwLb-thm^mm^^mm 
s. 

[f«^jR5 ] mmmA i,z%m<r>mmmmmMmm^zii 
m^. j*0£ft«iai{i. •:^t>--i^3 

'v-mit^mzi:^^m^Lfzvms.i,zm-:s\\x. ^mt 

hbB-n<t>^mni-. 

g5(4h<7^{b*dh/dtS:^aiL. 



-<r>mmim\tt:msimmi\:m h/duzmtx^t. 
mi'f'mit^mi. mm9mi>zj:&mm^ik(oms^h 
i:emi^^mi'ri^-^)uy -i >v-9~i,zi.^ w-mitth 
^ibi-mib-thMmmmis^^mm.. 
iwma ] iK^^i t.tz{,m^^2izw&<r>vmmm 

mmi^mm^mim^mm.^^mi,xwm<^^-n 4> 

msst^m^f^mt. mmm\izxh^\.zisi^i,tzM 
^b ^^nfi^mb<,zm^\^x a -n 4><^^!cm4>/A\. 

wmme^^mi. 3-A^-ft;^<*/dticjct-CHijie 

^^mit^WAi. mmsm.\,zx^mm^<r>3-n4> 

z. b ^mLb^^m^mmm^mi&m.. 
im^9]m^&(>z§dM(r>mmmmm9ik'^mzi5 , 

[19^1 0] iB^8*5t«iS^9{CiBKeD^ffl 

m-m^ 1 1 ] m^m 1 iJtti:is*3«2ciettw*Mffl 

»<?5ft*{cSr?V%-Cft^ r (^-fk^ r /dtS'i^SI 
Ht^e#tt^ig¥K«. ft^S!-fk^d r /dW=jC CTfjie^. 
^m\i^y'>'i'Jl'y ■< jV'i'-com^m!^^^^. 
f«2T^t-ffc*S«. B««rafc:J:«.SiS:fii«<OiI»oft 

■thzb ir^b-r&Mmmmm^s^m. 

[ff^ 1 2 1 1 *;^«|»*«2 {Cie«<omBffl 

mm^9s-m^mimmmmi:!S!tm Lxmm<om^ h 
n4>^^m-f\LL. ^mitLti3-n<pi,z^':i\'-^xt^& 
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[0001] 
[0002] 

mmwi9mmmtimi^tix\'>h mx.i,£. wm^i i- 

2 96 660-§-4^$B#B§) , 
[0003] 

mm. Lfzmwuzii^ Bmsi^i)^mmt fz<,ix^Lx\.^ 
TtD, mm(7)m}. m^coma'^T'.>y^*»^i;izi. 

L:^j 0 LT . f^m^m^^m^T-^mz^d: & ^ i: *^j> o , 
[ 0 0 0 4 ] ^c: T\ mm^^Mm<om^t a- 

[0005] I,*- SIOtemOiKiiafil^DWN-;;^ y ^ 

ju:S'->>sm^mLxw-mit'ri>b^ mm<7)mim'ftiim 
L <ti: -oti t ^ izy ^ )U:!'-mmik<^mmm.Am^.cr>m 

^<-tt:ib(,z\;j-j^xy ^ jU^~(omtij^^im.i:zk: 

^ < y ^ fi'^-commmn^^^mmm.miiz^^-t 
[0006] mmmmizi^itii, em. 

<^&m^mn-tiztizf)h, 

[0007] 

( 1 ) m^m 1 <^^mii. mmizmn^tixm^mm 
^:mm-r^mm^&it^ mmm^i:}mi.xmmtm 

'^I^mtr'^J^ fUy ^ ;\^f'~i:m\^xmm^lzJ::h 



^mitMmcomm&.<ryfm^<miz!Stx-smm 
mT'j^f\^y^>u^'-<7)mmmvLi:^-rhi^^^sE 

( 3 ) i»«^3<0*HfflSiffi«iailS-C(4, BtRS!® 

( 5 ) n^m 5 <o*MfflBffi«iaiigTi4. B««is 

^>#7tilK<^fl^*%S its . 

( 6 ) ii^ 6 <omwfflSffi«isiig«. ^ki^^ 

2\,zx^^mitLti'mm3t'.zm-n\yx. ^m^mmmi 

(7) cowmmmwmmmmt. mmm^ 
S2tcj;-5T, miimwi.i9mLXMm<nmssRhbB 
—n't>t:m%L^ SKk^^^S2tij:or. Bffiisa 
(c i s ?ii»:item<7) B-n<t>b mmmi^z i ■rtwi** l 
Jtmai; i=scf(, ^xm^tiffm.itm^Mtifmv^ 

«fe^#S2{=J:oT, nJ^^*ttST£^*:J';l'7^;P^ 
¥?t^l:¥g2{cJ;-5T, B^S5S(=J:€.illl[Sm<0«IE 

(8) tt*^8<7):^Sffl®filS!iam:tt> BfilK!®# 
S2 tc i -?Tig«Bfll$'j8M UTmBoa -^5 * S-SS 

^-fk^^)S!l#S2twj:-5T, B®SPIlcJ;^-f{c«! 

^^/dt^^aU ^tt^#g2fc:J:oT. 3-:ft^ 

•ft^<!!,/dt(cjEt.T-Brss#1tMxi^'^';W7 -f yl-i^-coj^ 

iii>mnm^3-A<f>i'srsm^'f>'i'/i'y^/i'^ 

-izX D^m^tthXdl,zLrzi,<7>x$)&. 

*fa2{Cj:oT, 3-^l^t;^<*/dt<55Ti^ffl(d0/dt) 

%<i(d<)i/dt)av(ZJEl:t:or^>!^MT>''^'yP:7 -f /I^:?- 
<^mmcn^t:^-thXoliZtt:iiCOX$>h, 

(10) is^js 1 o (7>mmmmm9Si^mi,i. Bm 

»coibmri:m%L^ ^^b*^#g2(CJ:-5T, 3- 



:(4) 001-266163 (P2001-26JL8 



(11) 1 1 ff^mmmmmm^mii. m&im 

3 A><i>#;tjiK<:0fl^{cS-:5V^Ttt^ r C03g-ft;%i r /dt 
Sr^aiL. #tt^jg^g2tJ:oT, ft^^b^r/dt 

(12) fi^s 1 2<omMfflB®ji!aiigii, mmst 

a-^lfli-STri^L. ^^<b^^a!l¥^2lcJ:oT. B05!i 

m.zi.hm'm^^(r>B-^4>i^m\u.. ^ft-fbL^ca 

-^^<I>tc^-:^v>Tfil^^h<35^>^t45dh/dtS:J{ISU. 

2 i -o T . St^fi^-fk^d h /dttcJSS t 

•t-S>J:-5{cL.-tt>iOr$>S. 

[ 0 0 0 8 ] ±^ L/S^ISSr»Stl-r2.!ti6<r)^S<7)3ST 
[00 09] 

\Wfivm^\ (1) it^3Sl<J5f|BjtcJ:ixtf, »M 

afiSriii^L. ^mm^mmm.imcrm^Kzmri 
7 ^ }i'9-(r>^^m^^ I) r;u^' a t^-r & c: t 

Srfi:i'-|5B(-fp$iJ LTS^^?!!ia4S:#^ i fc *i-e# . 

( 2 ) i»*3l 2 co^H^tc J: ixtf , ^m^Wi.<r>ims. 

T\ BMJQStc^t^l&aiiieiajiemfiO^S^SHSrfi 
iWStcfli^JU^rj&t/?), SligcOM*»(5>cO)iix*<iJ.-!5rV'»!fS!ig| 

( 3 ) ii*^3tfO^B^{cJ:<xtf, B^MSC-^tixa 



COT. ^-ft;^^mmi=«B««iSCi5?F3c^^rei8 

•c, wm^m^m.z-^^ixhmmmi.zi.hT-'s^'^ts: 

( 6 ) iB^3S7co^B3{cj;fLtf , S«BfilS-Jt!MLT 

mmm^B--^<i>hmm>m,zi^(^-f-\,zwi.'&,LfcM.m}L 
t^-r^v^TliSi-Ciho^^-fb^h/dt^^SlL. ^ittt 

»Mtf03-:ft<^'Sr?mL. B^atci^^-f testis U/S 

ti^ia t \zm^\ ^x3-n<t> co^it^ 4> / 

dt&iPSOL. 3-:ft^-ft^<ji./dt{c:B5tTnr^^W14Mx 
Sxv-'^'/l^^ -f ;W:J'-tci-5TBm3!{!JB(cJ: hmS-^W^. 

(8) mim.9ommzi.f0iS.. ^-n^\tm<t>/At 

«OTJ%ffl(d<^/dt)avSr^i^), 3-:ft^Yl:^C7)^^<i(d^ 
W&k^-thi.o\.zLtzayx\ »^3S8<^±iK?&mic 

( 9 ) 1 Oco^Hfltciixtf , ti«B®^J5!iaL. 
d0/dt^7t:li-eoTlfe;ffi(d0/dt)av|:jlSS6S^r{cJ; 0 

(10) mim. 1 1 co^BHtc ittif, wmm:ms. 

ft^-ft*dr/dttCjefCnr^»ttaxi^'^'/U7^ 
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&mma!im^<^T-^mmm^M'j^mzmiL^j:^^^^ m 
(11) m^m 1 2(o^mzj:tii,s^ mimiSk?:^ 

itmh/mz^tx'^^^mf'j^/v^y ^ )v^-(om 

J: o xmmwmi^zx^mni&^coMmcom^h 
rt^tf I) xoiz Lfzcox\ mmfmi^zi^tti^ a^s^a 
^^coT-^mmm^m^i^mzmit^ti^^^ mmcom^^ 

coo 1 0] 

c wmmm<7:>mm. i iwmm i (7>mm<omm> m i 

LxMm<7>m^\<LntB-n<^ioXx/msi<r>m^K^^ 
mmmm^mmLxms^coj^mi:mtii^ 
L. &m,mlti^^^(,zm-:SK^xMm<^m^^^LhtB^n 

[00 11] :i<7^m:mcommxm\^^t'^^c?mm.'fi^^ 

^^^tXy ^ )V^-<7ym^Wm'&^Q:M^Z'^C^^:^ 

txy ^fu^-commmmt^nMi^z^w^m^j:-^^^ 
y ^ fi^^-i^cicommmxiiimifZ^^^'r'Ji^^/uy 
[0012] coHBifflsrti^fc. mmcr^m^Yit^ 

ti^:T-J^jl^y ^ jU^^-lfZJ: O^mitLtimu^ B^n 
<i> t ^tii:'r-J^)Vy a }V9-\.zj;i "O^mWL LTtr^lO. 

[0013] mm^m^s 2 tzti^b-y-s/ g y^s 
3. Mmmibim4i5^r/mmma^mm5tmm^ti 

iz^^mm^oiiLmtmn'^m^miti't^. zco^^^y- 



xmi^ino. 

[0014] mmvsptmsknoi:m 

-r^^asti, mmfsmt^z^^-r^mcr^mitimmi^zx^m 
itiUcmm&xho. mmmi^zi^ttihmmmmmM 

[0015] m^mm^mii,^^ mm9mmm2i,zi 
R. mjm\ms4^zi:y)iSiiti^tifzm^yrsp^j:t'izm 

^^coSffSft ^ S: :7 - bVN^y LXmt&T aX- 
:5'-6Sr»JffllL. mW:^^^t^-VrtS-^^t'r-& J: 

[0016] :5r*5. ::OllMOJ^,®T'li2^56aacom^ffl 

mm^m^m^u-y^-y^mmmsizmm ttzm^^ 

mmcoi^itzmm^tvt. mti,fMff\y-yi)''ii><om^i: 
^^^mmmsm^s^j:if^z hmm^h z t ifiv^ 

[00 17] mmsm^zxtmnuw^Mmcomsm. 

mMm^-:>^<:\iZM^Lx\^ht ^(r>Mm(7)ms^iSLh 

\iZ^itt^ i,o'^j:Zt &Wi<^^mm^XM. 

[ 0 0 1 8 ] z<7mmm^x\it^ mm,^\iz 
4>^ r\izy <)v^-%m:m^x^m\>c\^^mmm!iiz 

[0019] l.tf-l.WC^^ ±^L7t<J: d(^*McO^ 

<uy4 ii^i^-(7^mmm^^mm^m^z^wfh 
t . < ^^ffimifzm&fmizj: h^^m^ks 

[ 0 0 2 0 ] z<Dmm<ommxi,±^ "^m^mm 

(Dmm&h^ rCO^>ft^h/dt. d.^/dt, dr/dtS- 

^h'h^itmiziititx'^m^imfi^i^^ji^y ^j\^^-co 
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[ 0 0 2 1 ] t i bffi. ^m\mm.'mm&.<r>mtm 
h/dt. d<^/dt, dr/dtsr, mmmi,ziihmw^skn 

**^i*l.TV>&3tft, -eo^StciOSE-fWdh/dt, d 
4>/^^ dr/dttT:S^^C:5EiJLTLt^,^, ^^#14^ 

( 0 0 2 2 1 -5-c:t\ z<nm.m.<mmTi.t. mmm'^z 

'iS.m^^Mz^i^&fi^^ivy ^)V-?-^z^n,^ 

i:m\^x'^miffh%^iz. mm.)^mv<mmmi^z 
ii<mmmzi hirfizm:, i.fim^^mi:m^ms. 

N!3rfCS-crv%T«ISgahco3S-(k^dh/dtS-5^ji!lt, « 

[0 0 2 31 :.coxo^xmitms6t<r)m^i:0:-t^ 

M.(0^it^f'M':f}mzXiX\i£. fea*h, rCTtf^co 

ffihSrfflv^-ft', mm.hKi.9ymms.<f>. r, vsp, 

w^tiit^^c^T^^^^i}^wi{mi,zmi^ii. 
ffy^it^h/dt'timiz^-ttztti'-c^h. zzT 

m^mmizi ^mn.i^^cr,mmcom.^&.ht:mt,z± 

fi. ■ttct>-t^^m<o^~n<i>iiiiv^micommr{,zmv 
[0 0 24] t.^^^. mmmmi,zih-rizmiiii.tim 

[0025] Ti'f'il^y '(fl'i'~con^i:^x.:tmi,z 

x= (a+ i e ) (y-d) +b/' 
( 1 ) ^ICiiViT, a~et4iiSS>'N'7^-^'-TJ)'9, 



mm.immmi,zmhtM.zm>h, %m<nB-n4> 
[00261 q^^ttaTx:?/u7 -r tv-9-<r>mmm 

^ )\'^-<r)mmm^m^i.z^x.hi. o -^^^m^^^ 

[00271 >i<oJ: d fc:. Wmjiaatc i '3=^<btut«i^ 

)Vf~f,zi. n'^mtthmz. "frnmrnx-^s^^wm 
f<zm<s\-^x^mm^<n%m&.<ryst^i^mh. ^^m 

^Vcmz^\:^X^-^'mrf'J^)Vy ^ )V^-<r>mw^ 
^)vy ^)V9-(r>m'mLmLifim^nMr-im.\.zm):.x 
w^\&i^(r>i:^i,fz^$i:^^^m.'Mmi.zm\ i-tcv 

[00281 «m>0.E|tcJ;2,mMi:jil&i:OllS5r^ 
c^BS^^^-t^ijaS. -t^r*3*>«MOlt$^4 h t a 

[00291 0214, mmmmm.2(mmhmib<r) 
-14, a«)!S®^S2trm*5SA$<xTv^i,ia, »>5 

[ 0 0 3 0 1 -y^ri fctJV^T , 3!8&J^^«P^ 

fcv^T, mmf^^jt-9-^m\^xmi'tf>i't:-&^ 
[^11 

(y-d) +c ••■(!) 

[003 1 1 1 ^mw§.Tiim&iiXx/&f^cn>jm. 

t(4iiJIS-|g%U. ^fi^L'->-{cJltri.3-:^c(c{40 
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[0032] ^rfc, mmff>mmt:-tyv-icj: o^tu 

[0033] :^T-yr2t*JV>Ts @4{C^^J: -5 

[0034] Xx<yr3t=fcV%T, ^B«±t=eigHi 
'W;=5r«>J:^lc:. aiBHt^esill^l«S:i£^-r«>. He 

^t<r>mrf-ti>h. &&^T')V<^^-)5^\iZ:^y-<Z'y Y L 

[ 0 0 3 5 ] •yr4T. aiaig^^eiai^jstwfcv^ 

•r> A^JBOSCs Ob e 1 y ^)Vi>-tf:i:t:mLXm!^ 

mm^-t^. Mz. e^i^;*i«ia!«is«±®co- 

[ 0 0 3 6 1 iofc # . «!aifiiK±t*&aiS3m^ii 

iajitoH^ofc*^, ^^mmcri^^i.zn'rh^ffim^ 

T , MSflJ-li^0j|IS<0B^*5 1 / 2 -r^is 8 



*l4J-±CfcttSB3^**, 7B**Slco«^«-E-<7>«|{lJ 

[0037] \:x±.<rmm.i'r^x<r)'m.mm^m^'m. 
1 0 0 3 8 1 XT -/r 5 -cw. -^^Tweisigii^m 

[ 0 0 3 9 ] XT >y r 7T, =S-^(0-fixilcS-?V^ 

wsj^fcso^ajjrati, 'swm'm-s. - 5 3 s s^if 

{ 1 ) ^\z^^W^=T)V<mi^\z\,i^ ^d^\.zi. 0^ 
[^2 3 

a = a + A a, 
b = bH-Ab. 
c = c + A c , 
d=d+Ad, 

e=e+Ae •••(2) 
[00401 XT-yrT'QtCfeV^T, jiS&>'N'9^-:J'-*5 

^ti:x-f yT3'\M'9, Jij^t/sjaa^soji-r, - 

jiSS^N-5;<-:5'-*^'I^rir»'^i^«Xf-'yn 0 
'^jI;?^. jiS8M-7^-:!'-0*J^-ft:Sr^T-5tXTr.yr3 

[ 0 0 4 1 ] ico J: 5 LT**t.fc -»:7Ci^li^Cc;*3tt 

mk<nm'h^'mmmzx OH^rTo^s^'v^je-rs 

S^Hih i: 3 -ft 0tJ A WSBcDtt^ r Sr^*^a t *i 
[1:3] 
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<^ = -c/f . 

r= Zjl^ _ 

{ 1 +(2 -B - Z)M'^ ' 

^^T^ • • • (3) 

[0 04 3 1 Ji^L;^cJ:o(c. Hm3?ftll{c:<t-&?mS« 
OtiilSh. 0, rO^^t^dh/dt, d<i^/dt, dr/dt 

immm: t^i^zm-:^^ ^xi^-r^ . 
[00441 mtdt. im<7)!jbmr<r>^itmr/dui^ 

^..^fz. iQmznt:^mm<oB-n<i><^^\:m {B- 

A h = vsp • tv • sint^ 
^SB-CftO. ::<7)^j5S<7)JK®T(ib'T^5j-v-hcoiX3 

ocsih-r^. 

[00481 z(r)mM(om^h<r>^mmvi:^. mmM 
{ih<7)^^t^dh/dtTS)i>*^A,. 1i^hc7)^>fl:^dh/ 

0<7)^'(i:aAh, A^, ArccEtTnrsatttaT'i^*:^^ 

Tel =f unci ( Ah ) 
( 5 ) 5etI^DV^T . fund { ) (i. Hi OiZ^jk^X O 

0, ffl3aa^^^:SAhtcBtfc7-^;^^^-^$ttTcl$r3g 
f o ::cora^funci ( ) (i. <J:liic;oij^ijaB|t^j;-i,?§9 

a=func2 (Tel) 
{ 6 ) ^IZ^K^X . func2 ( ) ti. la 1 1 IZ^^X O 

^j:'ri^^)\^y ^ )i^^-imrcizi(i^hmL^mirmm 
rj>o. Ti^^)vy 4J\^i$^-m&Tcuzm\:.fzi^^a^ 

[St7] 



SUwH-ftSHt;* (d^/dt) liZii^^ hh\^tz,ix^z 

^mmEimLtzmzx^^ frnt^zti^-'cth. $ 
Cy\,z^ ail(c^€»mM^ofii^hc7)S!^t;^dh/dt(i. 
3 -ft <^ i5 J: tX/i (ift^ r i: ^iS vsp t (cS-cTv 

[0045] mm<r>m^ h c7)^rt>f tf?ij> a 9 tc^r 

[00461 Xx'yr2 KCi^^^T. J:^Lfcia2tC^ 

^zmh&m,<mm^'^\\ m^t^^mzm-^^y^M 

[0047] T^^^vyri 2X\ ^rt-ftW^OHI^hy. 
!liiSM4tcJ;0eiaiLy::m5Evsp^lcS-:^v^T, »:co@ 
MAh$r»C^t3j:*)iPai't^« 

(a4] 

... (4) 

rCOSKt^dh/dt. d^/dt. dr/dttCJEBtTnrS1t«ffl 

[0049] X'r'y:r23"Ct±. «l3f{i^t;» A h ^ctt? 

[a5] 

• • • (5) 

[005 0] Xx*y:r2 4(^iDV^T. JftttTcUliO'^I 

[^6] 

' • • (6) 
>9 • z/ (z-a) . 

(/5=l--a) ' • • (7) 

y^^^mtLxm^mmh. 

[^8] 



5 
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H= (>9 • z) / iz-a) • h — • (8) 

[005 1] C:<7)J:-5(3. WiigiLtimm^hMfU-> 

mizi: i>mmsMmmmi,z:h(,i'hm^h<7>^imA h 

h(,zmtx-^^im'f'j^f\^y^)i'i$^-(ommcim 
mmmmifZji^sibfzmmm^h^ni^ 

'S^mc%.'}mzm\\.ts:if^h. %^(r:>m^h(nm\. 
[00521 mm(r)B-^ 4> <ry^mm> mi 2 ^i:^ 

mz^ hmMm^<n%m(^^-^ <t> ^^s?^i^T 

[00 53] XT^'vrs l(3i3V^T. iLm^fzmiKZTfs 

<^ temp = <^ temp 4-d 0 /dt 
¥*^€(d<^/dt)av<0?m^B$tT<C. ±ie ( 1 0 ) 5^ 

(d^/dt)av=>temp/t 
iS(d0/dt)avcoaiSLiw«|;cT0temp(COSrigSL. 'J-fe 

(d0/dt)av= (d0/dt)av-func3 

(12) jtc7)*(3aS23lcOfunc3 {sign(r), abs(r), 
vsp} (i. SI SiCTj^-TcfcdiC. sign(r)=+ ITS:;^ 
-r. sign(r) = -lT'tr;<^-rT'^$il|):^~rco:fi' 
I^^. abs(r)'Ca§iX^jiS&ft^oaWflli:. «i$vs 

Ptix:htL. B-n^itm<o^^m(64>Mt)av^zn 

Tc2=func4 ( (d<ji>/dt)av) 

(13) 5e(Ci5V^T. func4 ( ) mi4i,Z7jk^^ 

d^j:B-n^im<^^^mizM'th y ^ 

fzy >f ;U^-#ttTc2$:3li-. ^c7)g5iScfunc4 ( ) 

a=func2 (Tc2) 

(14) ^IZ^\^X . func2 ( ) ti. m 1 1 



[0 0 54] X-r-yr 3 3T(i. aavsp^^^Jg^ 

► 1 



ravsp + (LfKf-LrKr) 

ls+-^(LiKf-Lkr) 
vsp 



mvsp'$+2(Kf+Kr) 
2(LfKf-LriCr) 



• (9) 



(9) 5^;(^:B^^T> mCimSSr^L. Kf, KHi-etl-f 

[0 0 5 5] g|<Xr^yr3 4T, 3-:^S!'fl:^0/dt 
OT%M(d^/dt)avS:^^^, <r O^lSO^^Tti:. M 
««iS(::J: -l>at?8ffi^ r . ^^vsp;!^ J:tXli«e 

fttg^ffl<9HcJ:-l>3-:^S!^t:* (3-u--f ) d^/dt 

cosifiLi: s:B««yisia2"CitscTi^ hmmsxmf 
-thbbij^z^ mmm\iz^hB-n4><m,nts-n 

(d0/dt)avc7)^g^;&^||^T;&i^^ 
[ISlO] 

■ • • (10) 
^il(d^/dt)av«i. 

[am 

• — (1 1) 

[00 56] X7^vr3 5(3iDV^-C. iISft¥r{^J:0 
3-:ft^^t$^0^%<l(d<^/dt)av$^ajE^-|, , 
[ai2] 

{sign(r), abs(r), vsp} • • • (12) 

^^msEmi&tm^x'h^. 

[0057] 3 6-C«. 3-:ftS2^t^<^¥%ffi 

(64>/6tUvizmttz^^m^'f'J^)\^y^fU^-(^^ 
14Tc2Sr»:^{Cj:0^a^^^o 

[ai3] 

•••(13) 

^miaj^8tt»|g^B<:Ofl:«;^?^/i>^i6^^Sni» hcOX$> 
[0 0 58 1 Xx>xr3 TJz^Dl^T. J^Tc2(^J;0^ 

[SC141 

• • • ( 14) 

a'traifcT'S)^. "fi^i^JUy JU^-mtTc2izmtfz 
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(/3 = l-a) 

(15) 5t(ciDV%T. z{mmm>mn^Th^. 

10 0 59] z<r>j:oiz. mmLrzmmi)^hMnu-> 
lzmi>&^sicomm^m\ &mmm^izm-:s\^xm 

•t^^h'h^^ws^twmi^^mTb\zm^\i\xB- 

av^rajE-ti). -eUT. 3~ft^->fk^Wi^il(d<^/dt) 
Z.fi\zi:^,. miSi^WiZ^tfih&W^&m^<^^^^% 

^mimmzmmL^j:ifih. mm<^m^^cr>mtit^'M 

[ 0 0 6 0 1 ^rfc. ±J&LfzB-n<i><n^mim\\Zi^^^ 
X. 3-:%^fl:^d<^/dtc7)^i^ii(d0/dt)avS:^i»6. S 
i?>{C'^Wl^®(d<^/dt)av$rPil32Jli|{3i^Jgg:3Sm^O 

m^mmr\zi:y)miE^hm^yrsLtztK B--n^im 

O¥%^I(d^s/dt)av^0ftt> 0 ^c:3-:ft^>ft:^d<3i/dtS-JB 
V^TC^iV^L. jiKft^r{wJ;^3-:^^Yt^0/dt$> 
^ v^{i:-e^¥i^ffi(d0/dt)av^ffiiESr^iB&LT t i: 

[006 11 <M&<nm^r(o^mitm>mi5\z7Kt 

Tp=PXvsp, 

Tc3=fimc5(Tp, abs(RNl- RN2)) 

(17) ^\Zi5\^X. func5( )\t.m\ 6\Z7KtXo 

tcmfnmbm^^^m.izn'^h y ^ }v^-wm:m^ 
mrnxm. pimVMtjc^^zmthnmTpbim^it 

g (RN1-RN2) \zmtfzy ^)U^-m^Tc3imt. 

:i(nmmmc^(m. }!Km(m^9m\z^hmms^^^ 

[ 0 0 6 5 ] . dcoa^ r W^f^ftm'ti. 
->-3 >SS3:?!?>A>#f>ft$^-^l:ft (RN1~RN2) fc-f 

a =func2 (Tc3) 

(18) ^IZ^\^X. func2 ( ) li. mtimi 1 (I 

(/9=l-a) 

(19) j^tCi^V^t. z{iBtS«i6«m^T'J>i,. 

R= (/3 • z) y (z-a) • r 



[Si 5] /3 • z/{z-a) , 
... (15) 

n<i>^^mitLXB-n^in^. 

• • ■ (16) 

sizjimttibfzimibmRHtizm-^^'^x. mmwm 
izx mn^m(^m^(Dmm r ^^mmm'f'j^fuy 

[0 06 21 XT-yr4 l{Ci5lr^T. ±^L/cH2«w5^ 

\zi6vth'^t^(mmi'ii\^. &mm^^\zm-:^\^x% 
x\ p(m](i. miEMf^'^. sm^^TV-ycoai^T^^S3 

^ai^M4 :;{?^^>*aSvsp^l^;?>3it^o 
[0064 1 Xx-yr4 3T1i. ffiSiPsttfCOiwS'r^ 

(RN1-RN2) iiiCi^Jt/lr^i^ttST^i^'^yl'^-fyPrJ^ 
-cOW&Tc3i:}Xj^lzX ^Sibh , 
[»171 

• — (17) 

-(r>mmi?m^^^hm^7Ts^ifi. mmm (r 

N1-RN2) ^^c7)3e'fl:B$STpmL/^^I (RNl-RN 
2) /Tp7!;iffi^c7)^yt^h^rl»tfOT\ jfe^. i^tJ^cft 

^roTS-ft^ti. ^mr<7m{tmrMt\zmtxm^ 
mmxhh. 

[0066] X'r-/TAA\zn\*\X^ #ttTc3«Cj; O'SJ. 

[IS18] 

■ • • ( 18) 

im.a Srjg-r. ^^^"ri^^ )i^y ^ )V^-\mfka 

[lai 91 /S • z/ (z-a) , 

• • ■ (19) 

tt^ r ^^mit LT ilKffi^R Sr It ^ . 
[a20l 

• • • (20) 
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[0 0 6 7] Z(^Xd(Z. S^Lt:mm^<^mf\y-> 

(RN1-RN2) tizm':i^'^xjmf&m<7)m:mi'fmt 
\z-^±tih ^w^'i&i^^m-'k'^^^mmzm\ l 

CO 0 6 8] m^(r)m^iii.XfMm<r)^-n}:.mWSL 

tazn\^xnm^mb!riWj:^-^^mmf-j9)V7 < 
[0 0 6 9] XT^ yy-snzm-^x^ ±^vt:m2iz^ 

(d.^/dt)av= (d<^/dt)av-func3 
(2 1) 5e«ifriail2^«7)func3 {sign(R), abs(R), 
vsp> {±.013 (riRizm^mti, ) JCS^-TJ; 3 
iZ^ sign(R) = + IT-St:?-^'. sign(R) = - 1-C:&;!> 

*<0¥^<B(d<i/dt)av{cStrsiijE<iS-}I-rB^rft 

( 0 0 7 2 ] -y 7-3 6 , 3 7 X'li. IMLfzJ: o t,z 
3-:ft^<ks|5(?)Tl^ffi(d.^/dt)av{c{Gt7t^r^»1iMT 
Ah = vsp' tv'sin* 

;?.7^-yr2 3. 24X'i±. ±mLfzi.d izmm.9mizx 

^'r>'i' 11-7 ZIYIS' -(r>mimmit^-^^i. mmm 
i'-x^m^LxmmM'knh. 

[0 0 74] ic7)J;3<c:, am«!S«Cj;0ji?8<^ffl^r 
SrSmL. *JSvspfc■^t'y-v-3yilS3A><^><03l^S 
ft^^-ftg ( RNl- RN2 ) t t,zmn\ \X jS!l8ft^<^S-fk 

^';u7 ^iv^-ffimwk^i^L^ mmm!i,zx o 

0¥rt-fk,L-riiS8*^R2:'#.i.. <J:<c;, S^vspt^^e 
net^zm^^,^X^-n<t><^^im O-W-h) d*/ 
dtSr^ajL, 3-ll^-fW<^¥l^®(d<^/dt>avS-S[S:-r 
2.. -?-LT, ^^t•(t:L-tJiS8ft^R^ffl^<^T3-ft^t 
*<7)^J^(d*/dt)av?::SiEL, 3-:ft^-ft,*<7)JF^ 



\zmi>Bi^oimifi^\ eim.v^^Sk\zmrf\^xM 

[0 0 70] ;?.-r-y 7*5 2 T-{±, :^^«jaj^S4{cJ: 0 
eiaSL, ■^-h'^-i^3y||S3CJ:03HE«StffifiiP|? 
X\ ±j&LfzXoizm.<^m^<^i\Lm (RN1-RN2) / 

Tp{cjE txw&>m\zji *) m% it:M!^mm r S-^Jt 

mm^L, m<:^7--yr4 4X'ii. l^UcXdizM 

[007 1 ] ;<.7^-yr 33, 3 4-C-{±, ±^L.n:J:5(C 
Starvspi:«jK^<9i:fcS-:JUT3-A*<7)^fl:* (3 

-U-h) d-^/dtSr^ajL, 3-^«^^WO^*^<i(d4i. 
/dt)avS-g|S[-f«.. ^T--y7-3 5' iZ)3\^X. ^-f-yr 

4 4 vf-m^ttL^ttfim^mmRim^'^xiMLfz^mx' 

3 (d ^/dt)av$-«iE-r i. . 

[ifc2 1 ] 

{sign{R). abs(R), vsp} • • ■ (2 1) 

'J 1$^ juy ^ ZIYIS' -cr>mmmm:^L. m^9mizii 
J: *)'^mitLx3~n^^nh, 

[0073] X7"-yr2 2' izm^X . ±iiXT--yT3 

Lfzmm.vsptiizm-^\,->x . ±MLtz^mx-<k<r>m^iik 
mizx^mmMs.m^Aiztsi'r^m^h'^^imi^ u 

m22] 

• • • (22) 

(dfli/dt)av{c;JSt.Jt^^#ltSTi^'^'/W7 -f /l^r^-c?)^ 

sdScttttSr^L. mmmizi:riimLfzB-n<f>i: 
-si^immrf-J9>vy ^)\^-S'-\zi:y)^nvcLX3-n 

4>$:^&. ^rt-(fc;Lf^3-^5^tm5Ivspt{c 
hiOSg^t^dh/dtSri^SIL. flt^QSSfli^h/dtictBt 

if)Vy i)Vi>~X'^m^\.xm^^wi:nh. 

{c, jiss*^. $mco3-^i, imm.<r>^ix^fi\znL 

xmmm'&<^m^j:h'Si^mmy''Ji')vy ^)V9-^ 

'fro:itifX'%. m^mw.z^t.ith&m&m^'^ 
ii^^^m.'jmznm\^ts:i:^iy. m^nrnt-^homin 
*^i.-i3:v^»st^fc<r)ra^jSi&^-^i^^aftH. rst 

(00751 <Sl^ia¥?tfl;co^-B^J> ±M l,tz%m(7:> 
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spfc fcS-o'v IT T?t-fW^i7)«^ h iO^-ft^Sr^ab . 

[ 0 0 7 6 1 =5rJ3. icO«ISE(aT?t^t;c?)^piJti. Pl^ 
<I> = 0. 522/ (z-0. 5) • 

( 2 3 ) stcfev^T , zitmwimbmn^x'h^. ^ 

[0080] V^-r«iJfflISg*>-t6f^nrfE=3r«)ST 

Ah=func6(<D) 
CiT% func6( ^2 0{c^-r<J:-5^r3-^{c^t 

[0081] «t^fih<0^biA h S:^<??^^iJ ( f 

Tc4=funcl ( Ah ) 

(25) 5t«3i3V>T, fund ( ) (i, mtlfmi OIZ 

MSrcabO, «is:fi!^t*Ah<cjast/;:7 -f/i/^^-!^ 
Tc4$-jg-r. jiiTjraficfunci ( ) (i, iXmcomm^ 
izjihmmm'^^xff^^ix&Kmi3>(><mixi:m 

a =func2 (Tc4) 

(26) ^izm^X , func2 ( ) 1 1 {C 

^-tm^SCX'h*) . x>''^';W7 ^;W:?-!^1tTc4lClCt/S 
(/9 = l-a) 

(27) itfCfeV^T. z{iB§faji46«l®:^^T'3i6. ZCO 

tzm^&hizmL. mmm^iziy)mM.^tLfcmmwi^ 

H= (/3 • z ) / (z-«) • h 
[0 0 84] Z<r,J:oiz. ^i«L/tS^e*»^>^^T^->' 

izi3m&m<7)mmi'i7\\ e^ismmtc^-^v^T;^ 

<i>i:mML. mmB—p^4>co;^lzS<^\^xm^9!MizX 

^mmm.mmmmtzmm^iiLhcTm'it&A h ^ri-m 



[0077] 01 QK^-r^o— f-^'-h«cJ:i5. M« 

[0 0 78] X^ yre ItcfcliT. lj*L7tia2JC^ 

[0079] :K7-yri 2x-\i. mmm\zi.hm%m 

Mc03-n4>i:<X^izi: O^S-fb-f*. 
[^23] 
4> • • • (2 3) 

(23) ^lc:J: 0S:!±itfc3-:^<i>«i^lc;S^ 

V ^x . <!f:<ommiimiz i stta*5e8iK!f^co^^(4^-(b 
iAh^sr^jcio^aj-r*. 

[|?t24J 
• • • (24) 

^ h coSE^t*! h /dt<^f^i? I? tc^fi: h iO^jgiJ t 
vJcfcJtS^flJlAhS-fflV^S. 
[0082] XT-'/T-e 3T{i. «l^fi?g-ftaAhJ=;jS 
t::t^iRfttM-ri'':?;U7 -< ;l^:J'-«0!m±Tc4Sr<K^J= 

[S£2 5] 

• • • (25) 

m<r)t±m*^iyf'if)^^ti&i,<ox'i)i,. 

[0083] ;^-r yr64tCfcV>T. «fttTc4{3<J: 0^ 

[|R2 6] 

• • • (26) 

[St27] /3 • z/ (z-a) , 

• • • (27) 

{iLhimitLxmsmyii:^?,. 

[%28] 

• • • (28) 

i^i'fl^y ^Jl'^-lZJ:K)'F»itbXl^Q.Hi:n?>. Z 

tLizx*). mms!miz-tttLh&mmBim^ff)T-^^ 

[0085] JiLhco j: o (c LT^i^/iSISt ilKt <0W 
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[0 0 86] ^/t. i:j±c7)J:o(ZLXSi^fzmmtm^ 

im!^comRt:mmtmm:m(zm^^i> ztizi:^ 
X , Bfii^aajci: t &mt^iiimmz±mcox o ^^^^ 

mi ] -mmcommcom^^^'tmx-^h. 
[03 ] mmmijmisicommmm^Kyiztsifi^ 

[05] *M®r:SrH«A»^. a«H^fflui5tS:«aj-t I. /i:*r> 
[06] eiHHS^j^[1*ai«^Oig^:^SSriS0flt- :^ 

[07] &m.mm^<7)i^itiimiWM-ti,tzib<^m' 
« 

[08] ^instil Lfca^<^mi:WlHl«4^ft:eait 

[09] m.mmzi.hw^%^'^■nm^mm^'k■^ 

[0101 «l3S:fl^Hk»Ahfc*W-Sag0ffi*4-;l«. 



[011] iB^#ttSxx:J'/l'7 HVif-ffymcTc 

\zm-hm^mi:^-x.hmemThh. 

[012] W«j!!SJ=J:&»[»fe^»Pfl3-A*W 

[013] jtKSl^fcSt^S 3 -fm^<^^i 
[014] S-^^^WOT^l^iltcSfr&jgOtf S:^ 
[015] B®«!®{: i ^Mg:femoiiKcott^S-Bj 

[016] k i&^^^tMfcSt^s s 0 ttt--^ 

[017] iSKifii^. «iiiii03 -n. m^&.<o^ii-^ 

tnznLxmmi.^com^j:^-^^m^Ti^:!'ji'y < 
- s-ffl I ^1. i t i 0 . wmcomxw^kzm t^tz^ 

[018] 01 7{Ci^<. iiSffl^, :«Mi03-:^l. 

m^<n^ti^ix{zn Lx^mmi<r>m^j:h-s[^?m 
i)^ » 

[0191 «SSl¥S^t<OS3g0iOKra*^7 O- 

[02 0 1 ^mmk(r)B-n<b{zm'hm^mjk^-x. 



1 CCV)t]Ay 

4 mjs^ffi^a 

6 Sfltr^'^jux-^'- 



[031 



[051 




a<tf><H>W<t-iOH 




m 3] 




[B 5 ] 
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m 1 ] 



[061 



1137] 




tm 7 3 



[021 



SI 
S2 



IDl 



S3 



S4 



S6 



SB 



$9 < Stt/<^Jfc-5rttiE1fc> >X- 
S10 



X 



[021 



[081 




CGB 8 1 



S21 

S22 
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1101 



[0201 



I 
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1 
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